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The invention relates to a vacuum tight coupling for the end portions of tHO 
tubular sections. In particular it relates to the coupling of hesivy ti^ sections 
which have to rotate around their longitudinal tube axis such as, for example, 
rotatable targets in vacuum sputtering reactors, in particular magnetrons. 

Backoround of tf>6 invention 

Vacuum or at least fluid tight couplings for tube ends are known from 
the patent publications DE 3328137; US 4,900.063; US 5.591,314; WO 
85/04940 and EP 0726 417. Most'of these coupling devices include clamping 
rings that, due to the nature of their fodng means, do not have a substantially 
cylindrical outer surface. This prevents tube rotation within a small opening 
sunxjunding -i.e. radially facing • the clamping rings. In addit on, when joined, 
the transverse tube extremities essentially abut with their em j faces against 
each other with sealing means positioned in between them in this transverse 
abutment area When one tube end has to carry the other h€>avy tube. e.g. in 
cantilever mode and optionally has to set it in rotation, e.g. at a considerable 
speed, then the structure of these known abutment-4ype cou|ilings is 
subjected to virtually insupportable stresses and loads. 

US 5,480. 1 93 describes a push-on fitting including a tipiit damp. An 
inner tube end is provided with two '*6" ring seals and an outer tube end is 
pushed over the seals. Each half of the axial damp includes a semi-annular 
surface positioned to encircle that porticNi of the push-on fitting lying over tfie 
seals. Elastic inserts are placed in the damp which damp down onto the 
outer tube. Due to the use of elastic components there is some possibility of 
relative movement between the inner and outer tube. 

US 5,647,612 describes a push-on tube fitting which ia damped by a 
hinged damp, in the dosed position the two halves of the damp co-operate to 
form a recess corresponding to that of the fitted part of the cciuplings. th reby 
axially restraining th couplings but not clamping th m t gett-ier. The damp is 
held dosed by a releasabi locking mechanism. 
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Obi ct and summary of the invention 

tt is an object of the invention to avoid the disadvantsiges of known 
couplings and to provide a reliable vacuum tight coupling fc r relatively heavy 
5 tube sections. It is also an object to design such a coupling which permits 
rotation at relatively high speeds when needed. It is a furthe^r object to 
produce a coupling which can easily t>e assembled and dissassembled and 
which is readily usable e.g. as a spindle/target-ooupling for a rotatable 
sputtering target the coupling is designed for multiple disassembly and 
1 0 reassembly. After fixing the coupling, the spindle may be attached to its 
supporting unit, e.g, an end block which is provided with th€» connections for 
driving and cooling the inner space of the target tube. 

In the vacuum tight coupling for the end (ixsrtions of tvvo tubular 
sections according to the present invention the inner diamet er of the first end 
Q 1 5 portion is chosen to be smaller than that of the second end oortion. This 

\ \ second end portion cames a radially outwardly extending finnge extremity 

\ and this portion can be slid axially over the first end portion to abut against a 

I I peripheral outer abutment ring on said first end portion. At N^ast one sealing 

{ ring is provided between said end portions in their overlapping c^indrical 

2 0 contact area. The coupling comprises further a damping rinig with a 
substantially cylindrical outer surface. This ring is composed of two 
substantially equal halves with each a U-shaped cross secti3n with an 
inwardly oriented recess, said recess enclosing said flange Dortion of the 
second end portion and said abutment ring of the first end portion. Tightening 
25 of the clamp results in longitudinal (axial) positive clamping of the at)utment 
ring to the flange. The ciamp operates dire^y on tt>e flange and ring. 
Preferably, the load bearing surfaces of the clamp, flange e).tremity and 
abutment ring are made of metal, e.g. steeL The fixing mear s for the ring 
halves comprise in at least one place bolting means, the axii> of which is 
30 perpendicular to the longitudinal axis of the coupled tubular sections and 
substantially tangential to the damping ring periphery. 

To provide for a robust couplir^, said overiapping cylindrical contact 
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area, where one tube end enters the other, should exceed a minimum surface 
in relation to the inner diameter "d" of the first end portion. For example, the 
minimum overlap may be 5% of the inner diameter of the first end portion. In 
this manner the entering tube end will offer a proper mechanical support for 
5 the sun-ounding tube end during any conditions of operatictn. To allow ease of 
coupling in confined spaces the amount of overtap should preferably be 
limited in length. For example, H is preferred if the length of overtap between 
the first and second end portions is 50% or less of the inner diameter "d" of 
first end portion, more preferably 30% or less and most pr^sferably 20% or 

1 0 less. The overlap may be 1 0%. This amount of overlap is sufficient to provide 
both enough space for sealing rings and also mechanical stability. 

To prevent arcing is it preferable to attach an anti-arcing element to the 
surface of the damping ring. The anti-arcing element may lie a ring. The anti- 
arcing element may be made of an insulating or a conducti'/e material. 

1 5 The invention will now be described vwth reference to the attached 

drawings. Further details and advantages will be clarified, i i particular in 
relation to certain preferred embodiinents for couplings for ispindles to 
rotatable targets. 

2 0 Brief description of the drawings 

Fig. 1 is a longitudinal cross sectional view of a coupling according to 
an embodiment of the present invention. 

Fig. 2 is a transverse cross section of Fig. 1 showing clamping ring 
halves. 

2 5 Fig. 3 is a longitudinal cross sectional view of an alternative 

embodiment wherein, i.e. the flange extremity on the second end portion is a 
separate ring. 

Fig. 4 shows a transverse croiss section of the damp of Fig. 3. 

Fig. 5 shows in longitudinal cross section an altemati</e embodiment of 

3 0 the fixing arrangement for the two halves of the clamping ring. 

Fig. 6 shows a transvers cross-section of the damp of Fig. 5. 
Fig. 7 relates to the insertion of a tubular section between first and 
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seeond end portions of th two oouplings. 

Fig. 6 is an explod d schematic view of a coupling iicoording to a 
further embodiment of the present invention. 

Fig. 9 is a longitudinal cros&«ectional detail of the (X)upling of Fig. 8. 

5 

Detailed description of certain embodiments 

The present invention vinll be described with reference to certain 
embodiments and to certain drawings but the present invention Is not limited 
thereto but only by the claims. The coupling in accordance with the present 

1 0 Invention is particularly suitable as a vacuum coupling. Ths couplings In 
accordance with the present invention are not cn\y suitabli) for levels of 
vacuum in the range 0.5 to 0.01 bar but are also suitable f}r high vacuun 
levels such as 10 ''or lower, in particular IC^ or tower, for example 10"^ to 10*^ 
bar. Couplings in accordance with the present invention may be ultta^iigh 

1 5 vacuum couplings. Ultra-high vacuum in accordance with this inv«ition is 1 0* 
bar or lower, e.g. 1 0'" down to 1 0'^* bar. 

An embodiment of a vacuum tight coupling in accon janoe with the 
present invention is shown schematically in Fig. 1 . Generally, the structural 
materials of the coupling may be made of a metal, e.g. steiil, or any other 

20 suitable high strength material. The coi4>Hng has end portions 1 , 2 of two 
tubular sections, the first end portion 1 may have a smalle r inner diameter 
than that of end portion 2. When applying the invention to a spindle/target- 
coupling, the first er«j portion 1 is part df, or fits into or onto the spindie and 
the second end portion 2 is part of the target ti^ or fits into or onto the target 

25 tut)e. The target tube may have an inner support tube 7 onto which the 

cylindrical layer 8 of target material is fixed. The size of th<i inner ^>aoe of the 
first end portion 1 is smaller than that of the second end portion 2. The 
second end portion 2 carries a flange extremity 1 1 which can be slid axially 
over the first end portion 1 to otxne to rest abutted against a peripheral outer 

3 0 abutment ring 1 0 bri said first end portion. The contact beb veen the abutment 
ring 10 and the flange 1 1 v^ll be called the abutment area. 

The coupling includes at I ast one sealing ring 4, 5 between said end . 
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portions in their overlapping contact area. Sealing ring 4, 5 may be an O-iing 
seal. An 0-ring 5 is preferably arranged in a drcximferential groove on the 
outside of ttie end portion of the spindle. An 0-ring 4 is preferably located 
near the abutment area with the end portion of the target tube. Although one 
5 0-ring could in phndpie assure a vacuum tight sealing, two O-rings warrant a 
maximal vacuum integrity under the most extreme conditiorB of operation. 
Both O-rings 4 and 5 are mounted on the spindle during as:sembly. This 
arrangement provides an automatic and uniform pressure en the seal which 
minimises the risk of damaging them or the sealing surfaoeii during assembly, 
1 0 revision, cleaning and target exchange. The couplings in accordance with the 
present invention are designed for repetitive assembly and disassembly while 
still maintaining their mechanical properties, e.g. suitable fcr vacuum or ultra- 
SI high vacuum conditions. Rubber 0-ring seals (e.g. Viton^ rubber O-rings) 

'J are suitable for high vacuum use. i.e. down to about 10*° bar. Due to 

1 5 outgassing from the rubber such rings are not preferred for ultrahigh vacuum 
use. Toroidal flexible metal seals supplied under the trade name Heiicoflex™ 
^ I (supplier Le Carbone-Lorraine, France) may be used instead of rubber 0- 

I rings for ultrahigh vacuums, e.g. 10'^^ to 10*" bar. 

l2 ! The coupling comprises further a damping ring 3 witli a substantially 

2 0 cylindricai outer surlaoe. Substantially cylindrical means thsl the envelope of 
the outer circumference of the ring with its fixing means 9 di)es not show parts 
which extend radially outside said circumference to a significant extent. As a 
result, ^lindrical shields may be placed quite closely over tie clamp without 
touching it, even during relative rotation between the damp and the 

2 5 cylindrical shield. Clamping ring 3 is preferably made from £t high strength 
material such as a metal, e.g. steel. The clamping ring 3 is composed of two* 
substantially equal halves 12, 13, each having a semi-circular or U-shaped 
cross section with an inwardly oriented recess 6. Upon dosing the ring 3, said 
recess 6 encloses the flange 1 1 and said abutment ring 10. Tightening of the 

3 0 damp halv s 12, 1 3 forces thereby the transversal end faces of the abutment 
ring 10 and the flange 1 1 tightly against eadi other by means of the conically 
machined edges (25 in Figs. 3, 9). The clamp 3 provides not only longitudinal 
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or anal rastraint of the two end pMtions 1 , 2 tuA also actively and positively 
clamps ring 1 0 to fiange 1 1 . Clamp 3 preferably tias at least one bevelled 
inner edge 25 which co-operates during clamping with a chamfered edge 28 
on one of the ring 10 or flange 1 1 (as ^own in Fig. 3 the citamfered edge 28 
5 is on the ring 1 0). The angle of the chamfer/bevel should bo such as to 
provide a strong axial pressure on the respective ring 10 or flange 11 On the 
other one of the ririg 1 0 or flange 1 1 there may be no chamfered/bevelled 
edges (as shown in Fig. 3) or these edges may also be provided with co- 
operating chamfers 29, 30 (Fig. 9). By clamping the fiange 11 to the abutment 
10 ring 10 in a solid manner, relative movement between ring 10 and flange 1 1 is 
prevented, independent of whether this movement is axial with respect to end 
portions 1 , 2 or rotational about a rotation axis parallel to the axis of end 
portions 1 , 2 or rotational about an axis perpendicular to thi3 axis of end 
portions 1, 2. This means that during rotation of me coi^ling, any 
Q 15 circumferential out of balance forces do not result in repetitive small rotational 

^ or linear movements which could damage the seais 4, 5 or produce periodic 

movements which could cause periodic variatims in the pn)cessing, e.g. 
when sputtering. The two ring halves 12, 13 are fixed to ea:h other at ttieir 
extremities 1 5, 16 by a fixing means, e.g. t)olts 9. 
20 The fixing means comprises in at least one place bolting means 9, the 

longitudinal axis 14 of which is perpendicular to the longitudinal axis of the ; 
coupled tubular sections and substantially tangential to the damping ring 
periphery. This securing of the clamp halves 12, 1 3 togetticsr is shown here 
with only two boKs 9 which are screwed in threaded holes i i the damp end 
2 5 face 16. They can be reached and seen very easily at any i-otational position 
of the clamp 3. This guarantees a fest and user friendly intf Kfaoe for mounting 
and removing a t^lindricdi tube, in particular a rotatable target. In this 
embodiment, as shown iri Fig. 2, both bolts are fastened from the same side. 
This coupling system does not have to be turned through 1 80** about its 
30 longitudinal axis to couple and damp the ti^ ends. When us d for target-4o- 
spindle couplings, the screw holes for the boHs are provided at the spindle 
side (towards end portion 1 ) to prevent or reduce the ^puttt^ring of material 
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onto the bolts. Clamping ring 3 prefBrabiy have a solid section into which the 
holes for the bolts 9 are provided. The clamping ring 3 also have a recess for 
receiving the outer circumferential edges of the flange 1 1 and ring 10. This 
recess is preferably placed axiaiiy asymmetrically with resp4»ct to the bolts 9, 
i.e. to one side of the recess resulting in a smaller outer diameter for the 
clamp 3. 

In a further embodiment shown schematically in Figs. 3 and 4 the bolts 
9 are oriented In opposite directions to each other. In this manner each ring 
halve 12, 13 is identical and thus replaceable by the opposfte one 13, 12. Fig. 
3 shows the use of a separate flange ring 1 1 at the end of tfe overiapping 
tube section 2. This feature offers the advantage that the supporting tube 7 
for the target does not need to be produced each time with & flange at its end. 
Separate flange rings 11 can be interposed that property fit 'with tfie design ad 
hoc of tube end 2 and the co-operating clamping ring 3. The flange ring 1 1 is 
fixed to the tube end 2, e.g. by welding. 

In Figs. 5 and 6 an alternative design of the damping ring 3 is shown. 
The two ring halves 12 and 13 are pivotably linked to each ether in one 
contact area of their extremities 21 and 22 by means of pivoi: pins 17 suitably 
mounted in a pivoting block 26. The two halves can be pivotod in an open 
position 19. The other extremities 15 and 16 are then suitably fixed to each 
other by a bolt 9 in an internally screw threaded bore 18. 

In certain vacuum chamb^ of sputtering reactors it is; useful to 
provide for different sputtering widtfis. This corresponds to different lengths of 
the rotatable targets to be used. The active width of the sputtering area may 
thus be substantially shorter than the distance between the two opposite 
spindles which carry the target tubes. In this manner it Is advantageous to 
provide at least one tubular insert section 20, as shown in F\^. 7, between 
spindle 1 and target tube 2. The transverse end 23 of the insert tube 20, that 
faces the first end portion 1 (spindle) is then again a ring which can slide 
axially ov r said first end portion. Likewise the opposite end :>4 of the insert 
tube 20 is a ring over which said second end portion 2 can slid . This end is 
again provided with a sultabi circumferential groov 27 for Si sealing ring. 
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A further clamping device 3 in accordance with ar^rnisodiment of the* 
present invention is shown matically in Figs. 8 and 9 aiid can be 
provided with additional rings 31 and/or 32 which may be uised to prevent 
arcing in a sputtering magnetron. One of the tute'ends (2) is part of a rotating 
5 cylindrical target and can be advantageously used in a reactive sputtering 
process. Use of the clamping device 3 in acrardanoe with tliis embodiment 
prevents arcing when used in a vacuum deposition Firocess. The numbering 
of the various parts in Figs. 8 and 9 cor^ponds with those of the previous 
embodiments, except In previous enmodimoits the material to be sputtered id 

1 0 was applied onto a badong ti^e T^ln this embodiment the inaterial to be 
deposited may be in the fonrt of a massive tube 2 provided with an integral 
ring 37 fixed to the end VneraOf and having the appropriate idamping flange 
11. Thus, in accordance wfm this embodiment the second end portion is 37. 
However, the present emoodiment is not limited thereto but may include the '< 

1 5 flange fixing methods described with reference to Figs. 1 and 3. 

The clamping device 3 is used as a means for mounting a ^llndrical 
rotating target represented by 2 to a spindle represented by 1. Clamping 
device 3 may include two damping semi-circular halves 12, 13 which may be 
festened together with any of the fixing means described with reference to ; 

2 0 Pigs. 1 to 7. The outer circumference of damp 3 is substantially cylindrical as 
has been described with respect to all the previous embodlinents. Clamp 3 
provides positive axial damping of the abutting flanges 10, 1 1 . For this 
purpose, the clamping halves 12, 13 are provided with at least one bevelled 
surface 25, 29 which co-operates with at least one chamfersd surface 28, 30 

25 on the ring 10 and/or the flange 11 to force the ring 10 and the flange 11 
together and to clamp their machined abutting suriiaces po$ itively together. 

A cross-sectional view of the extended damp in accordance with this 
embodiment is shown beilow in Fig. 9. Fig. 8 shows an exploded view. 
Additional rings 31 and 32 are provided which may be in two pieces, while 

30 reference numbers 33 and 34 represent retaining rings (made from a suitable 
material such as spring steel) for securing split rings 31 and 32 dose to the 
damp halves 12 and 13. Rings 33, 34 may be single pi oe::. Retention may 
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be done by inserting a numiaer of fixing pins 35 (e.g. four) through the damp 
halv s 12 and 13. Rings 31 and 32 provide a functional coitribution during 
the reactive sputtering process. Retaining rings 33 and 34. together with pins 
35 are intended to enable attachment of rings 31 and 32 to the clamp halves 
5 12 and 13 which have been described in detail above. Rinji 31 may be made 
of insulating material and is intended to isolate ring 32 electrically from the 
clamp halves 12, 13. Ring 31 is not essential when ring 32 is insulating. 
During a sputtering process, damp t^lves 12, 13 are brou^iht to the same 
potential as the target 2. Ring 32 may be made of insulating material as well. 
10 TTie axially directed annular lip 36 on the inner diameter of ring 32 extends 
over the target 2 and may have a rectangular shape in cross-section although 
the present invention is not limited thereto. For instance, a saw tooth-like 
j| shape, of which the edge touches the taget 2 exactly at thci edge of the 

plasma race-track induced above the target 2 in a ^Mittering magnetron could 
1 5 also be used. The present inventran includes within its 6C0F>e other fonns of 
the lip 36 which extend over the target surface appropriately designed for 
different process conditions. 

In an alternative embodiment, the ring 32 may be made from a 
conductive material and slightly spaced from the target surface. This ring 32 
20 may be brought to a desired potential, grounded or be electrically floating, in 
/g. : this case, the presence of insulating ring 31 is advantageous to insulate the 

conductive ring 32 from the damp halves 12. 13 which are £it a potential. 
Additional, in this ranfiguration. pins 35 should be designed to prevent 
electrical contact of the damp halves 12. 1 3 with ring 32. Fcir example, this 
25 can be achieved by using insulating pins or t>y putting an iniiulating sleeve 
over these pins. The lip 36 on 32, extending over the target 2. is preferably 
equally spaced over the target surface. The lip end, shown in Fig. 9 as having 
a rectangular cross-section, could have a round, saw tooth or alternative 
cross-section. This metallic shield may be benefidal in redu>:ing arcing during 
30 sputt ring processes. This metallic shield is not connected €^lectrically and 
will assume a floating potential after plasma ignition. 

Preferably, both rings 31 and 32 have a geometry at their outer 
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drcumferenoe which provides a groove 39 between damp halves 12, 13 and 
ring 31 when they are fixed together and a labyrinth groov<» 38 between rings 
31 and 32. During a sputtering process, not only the substiBte is covered with 
the required film, but all other bodies and walls in the vacuiATi chamber are 
5 coated as well. This means that eventually ring 31 and 32 will be covered with 
a sputtered film. If the sputtered coating is conductive, an <slectrical short may 
be formed from the damp halves 12, 13 over the insulatinEi ring 31 to ring 32. 
If ring 32 is conductive and this ring is to be maintained at a potential different 
from the clamp potential, it is in^wtant that no corKluctive path between txith 
10 is fonned. By providing a complex groove 38 between ring:* 31 and 32 and a 
groove 39 between damp halves 12, 13 and ring 3. the chsince of having a 
I conductive path is reduced considerably. 

! The Skilled person Will appredate that the present invention also 

p I indudes within its scope the independent invention of a coupling for a 

1 5 cylindrical sputtering target comprising an anti-ardng eierrisnt attached to the 
p I side of the coupling fadng the sputtering target. The coupling may be used to 

couple a cylindrical target to a spindle. The spindle may be driven to rotate 
the coupling and the target. The envelope of the outer surtaoe of the coupling 
may be substantially drcular so that the coupling nriay be placed within a 
2 0 close fitting tubular shield. Two end portions of two tutxilar sections may be 
coupled with this coupling, the size of the inner space of a first end portion 
being srnaller than that of a second end portion, the second end portion 
having a flange extremity axially slidable over the first end |X>rtion to abut the 
flange extremity against a peripheral outer abutment ring on said first end 
2 5 portion, the coupling comprising at least one sealing ring bistwaen said end 
portions in their overtapping contad area and further compilsing a damping 
ring with a substantially ^indrical outer surface and being composed of two 
substantially equal halves, each damp half having a semi-circular or 
shaped cross section with an inwardly oriented recess, said recess endosing 
30 seidflang extremity and said at)utm ntring. 



